a b s t r a c t
Figure copy is the most common method of visual spatial assessment in dementia evaluations, but performance on this test may be multifactorial. We examined the neuroanatomical substrates of figure copy performance in 46 patients with Alzheimer's disease (AD) and 48 patients with the behavioral variant of Frontotemporal dementia (bvFTD). A group of 94 neurologically healthy controls were studied for comparison. In AD, poor figure copy correlated significantly with right parietal cortex volumes but not with right dorsolateral prefrontal cortex volumes, whereas in bvFTD, figure copy performance correlated significantly with right dorsolateral prefrontal cortex volumes and there was only a trend with right parietal cortex volumes. The cognitive processes associated with figure copy performance also differed by diagnostic group such that figure copy was associated with spatial perception and attention in AD and with spatial planning and working memory in bvFTD. Spatial planning accounted for unique variance in the figure copy performance of bvFTD even after accounting for spatial perception, attention, and working memory. These results suggest that figure copy performance in AD and bvFTD is not anatomically specific and is differentially impacted by bottom-up and top-down aspects of visual spatial processing. Alternative methods of visual spatial assessment for dementia evaluations are proposed.
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Visual spatial impairments are often among the first symptoms of neurodegenerative disease. Patients in the early stages of Alzheimer's disease (AD) often get lost, forget where they placed their belongings, and have trouble driving or parking their car (deIpolyi, Rankin, Mucke, Miller, & Gorno-Tempini, 2007; Hamilton, Fay, & Rockwood, 2009; Monacelli, Cushman, Kavcic, & Duffy, 2003; Pai & Jacobs, 2004) . AD can impact a wide range of visual processes including contrast sensitivity, angle discrimination, motion perception, object recognition, mental rotation, and navigation learning, consistent with the impact of the disease on critical visual spatial processing areas in the parietal and temporal lobes (Rabinovici et al., 2007) . Similarly, patients with the behavioral variant of frontotemporal dementia (bvFTD) can show deficits on visual tasks, but these deficits may be due to different mechanisms. The top-down control of visual processing has been shown to be affected in early bvFTD, including visual discrimination learning and the inhibition of spatial attention (Carey et al., 2008; Krueger et al., 2009; Rahman, Sahakian, Hodges, Rogers, & Robbins, 1999) , and bvFTD patients tend to make more rule viola- * Corresponding author. Tel.: +1 415 476 1889; fax: +1 415 476 4800.
E-mail address: kpossin@memory.ucsf.edu (K.L. Possin). tion and perseveration errors on visual tasks (Carey et al., 2008; Chester et al., 2009; Possin et al., 2009) . In contrast, bottom-up aspects of visual spatial cognition such as perceptual processing are relatively preserved in bvFTD (Possin, 2010) . While the driving of patients with AD is described as unsteady with poor orientation, the driving style of patients with bvFTD has been characterized as risky with increased traffic violations and collisions (de Simone, Kaplan, Patronas, Wassermann, & Grafman, 2007; Ernst et al., 2007) .
The most common method for evaluating visual spatial cognition in a dementia evaluation is to ask the patient to copy a figure. BvFTD patients generally outperform AD patients on figure copy tests (Diehl and Kurz, 2002; Elfgren et al., 1994; Mendez et al., 1996; Rascovsky et al., 2002; Rascovsky, Salmon, Hansen, & Galasko, 2008) , although they have been equally impaired in some studies when the figure to be copied is complex (Frisoni et al., 1995; Kramer et al., 2003; Lindau, Almkvist, Johansson, & Wahlund, 1998; Pachana, Boone, Miller, Cummings, & Berman, 1996; Perry & Hodges, 2000) . On these complex figure copy tests, such as the Rey-Osterrieth Complex Figure, performance is known to be influenced not only by parietally mediated skills such as visual spatial perception and integration, but also by frontally mediated executive skills such as organization, strategic processing, and working memory (Choi et al., 2004; Freeman et al., 2000; Hernandez et al., 2003; Varma et al., 1999) . This task complexity makes it possible to
